Introduction
============

Psoriasis is a chronic inflammatory disease affecting up to 3% of the general population. It is clinically characterized by epidermal hyperproliferation leading to erythematous-squamous skin plaques. Up to 30% of psoriatic patients may also suffer from seronegative spondyloarthritis.[@b1-dddt-11-1643]

Psoriasis is nowadays considered a systemic disorder that needs a multidisciplinary approach and an appropriated treatment taking into account different comorbidities. Indeed, several studies demonstrated the association between psoriasis and a number of disease-related comorbidities including blood hypertension and cardiovascular diseases, obesity, type II diabetes, dyslipidemia -- singularly or combined in order to configure the metabolic syndrome -- nonalcoholic fatty liver disease, anxiety, depression, and inflammatory bowel disease.[@b2-dddt-11-1643]--[@b6-dddt-11-1643]

Psoriasis has been reported to have a notable impact on social relationships, mental health, and work-related activities.[@b6-dddt-11-1643],[@b7-dddt-11-1643] Although new molecules have been discovered in the last 2 decades leading to an improvement in the quality of life of patients as well as in skin and joint symptoms, the disease is still not controllable in many patients, in particular in case of long-term patients.[@b8-dddt-11-1643]

Recent discoveries regarding the pathogenesis of the disease have enabled the identification of some new promising targets for psoriasis treatment, particularly interleukin 17 (IL-17).[@b9-dddt-11-1643],[@b10-dddt-11-1643]

This review will focus on ixekizumab, an anti-IL-17 human monoclonal antibody.

Role of IL-17 in the pathogenesis of plaque-type psoriasis
----------------------------------------------------------

IL-17 is a family of proinflammatory cytokines first described by Yao et al and comprising IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F secreted by T cells, natural killer cells, mast cells, and neutrophils.[@b11-dddt-11-1643],[@b12-dddt-11-1643] IL-17A represents the most investigated cytokine of this family. It is involved in host defense against infections and is implicated in various inflammatory disorders including autoimmune diseases, metabolic disorders, and cancer. IL-17A promotes many events that lead to inflammation, neutrophil recruitment, and host defense throughout the secretions of a multiplicity of molecules as cytokines, chemokines, acute-phase proteins, antimicrobial peptides, mucins, and matrix metalloproteinases.[@b12-dddt-11-1643],[@b13-dddt-11-1643]

IL-17A is produced predominantly by Th (T helper) 17 cells, a subset of CD4^+^ T cells. An aberrant production of IL-17A is strongly related to the pathogenesis of psoriasis and other autoimmune diseases such as rheumatoid arthritis, chronic noninfectious uveitis, and Crohn's disease. The block of IL-17A represents a potential target in the treatment of a number of autoinflammatory disorders.[@b13-dddt-11-1643] Furthermore, the role of IL-17 in the pathogenesis of psoriatic arthritis (PsA) was assumed when increased levels of IL-17 and tumor necrosis factor alpha (TNF-α) mRNA expression were observed in the synovial liquid of patients affected by rheumatoid arthritis.[@b14-dddt-11-1643] Thereafter, several studies described the relation between IL-1--17, TNF-α, IL-6, IL-1, and IL-8 demonstrating that IL-17 enhances TNF-α-induced synthesis of interleukins 1, 6, and 8 in skin and synovial fibroblasts acting as a "fine-tuning cytokine" in a functional cooperation mediated by CCAAT/enhancer binding protein family members.[@b15-dddt-11-1643]--[@b19-dddt-11-1643] Finally, it has been demonstrated that IL-17 induces cartilage collagen breakdown and is involved in osteoclastogenesis and bone resorption through the activation of nuclear factor kappa B ligand.[@b20-dddt-11-1643]--[@b22-dddt-11-1643]

Plaque-type psoriasis has been historically considered as a Th1-mediated disease despite increasing evidence suggesting the significance of the IL-23/T17 axis as a key pathogenic pathway.[@b23-dddt-11-1643]--[@b25-dddt-11-1643] In particular, elevated levels of IL-17A, IL-17F, IL-22, and IL-23 were detected in human lesional skin,[@b26-dddt-11-1643]--[@b29-dddt-11-1643] while circulating levels of T17 signature cytokines were higher in psoriatic patients compared to healthy subjects and correlated to the severity of disease.[@b30-dddt-11-1643],[@b31-dddt-11-1643]

In brief, the main steps involving IL-17 in the pathogenesis of psoriasis are 1) naïve T cell differentiating into Th17 through interaction with activated dendritic cells (DCs) in the presence of IL-23; 2) Th17 producing IL-17A and IL-17F; and 3) keratinocyte stimulated by IL-17 ligands leading to aberrant differentiation and proliferation that promote the production of proinflammatory chemokines; and 4) angiogenic factors that stimulate further recruitment of inflammatory cells, setting up a positive feedback loop ([Figure 1](#f1-dddt-11-1643){ref-type="fig"}).[@b32-dddt-11-1643] In particular, it has been demonstrated that IL-23 produced by DCs and keratinocytes can induce IL-17A production by Th17 cells, Tc17 cells, γδ T cells, and innate cell subsets (mast cells and neutrophils). Furthermore, blood-derived ILC3 can produce IL-17A that activates fibroblasts to produce IL-6, IL-8, granulocyte colony-stimulating factor, and keratinocytes to produce IL-1β, IL-6, IL-8, IL-17A, and TNF-α, the latter being produced by several cell types including keratinocytes, DCs, and Th1 and Th17 cells. This cytokine cascade has an additive effect on keratinocytes leading to chemokines and AMP (including cathelicidin). Cathelicidin can bind to self-DNA- and self-RNA-forming complexes, which, respectively, trigger TLR9 and TLR7 activation in plasmacytoid DCs (pDCs). This is perceived as a danger signal, breaks immunological tolerance, and leads to the activation of pDCs and IFN-α secretion, and as a consequence, inflammasome and T-cell activation. IL-22 -- produced among others by TH17/Th22 cells -- contributes to the onset of psoriasis by inducing keratinocyte proliferation and maturation.[@b27-dddt-11-1643],[@b30-dddt-11-1643]

Ixekizumab and IL-17A target therapies
--------------------------------------

Based on these observations on the role of Th17 cells in psoriasis and PsA, three targeted agents, namely secukinumab, ixekizumab, and brodalumab, were developed. Secukinumab is a fully human IgG1κ monoclonal antibody approved by the Food and Drug Administration and the European Medicines Agency for the treatment of plaque psoriasis, PsA, and ankylosing spondylitis.[@b33-dddt-11-1643] Brodalumab is an IgG2 against IL-17 receptor, binding with high affinity to human IL-17RA, now undergoing phase III studies.[@b34-dddt-11-1643]

Ixekizumab is an anti-IL-17A hinge-modified humanized immunoglobulin G subclass-4 (IgG4) antibody indicated for the treatment of moderate-to-severe plaque-type psoriasis.[@b35-dddt-11-1643],[@b36-dddt-11-1643] This molecule was assembled as a humanized IgG4 isotype to decrease the potential risk of immunogenicity caused by repeated administrations.[@b36-dddt-11-1643] Ixekizumab binds to human IL-17A at a conformational epitope, neutralizing the proinflammatory effect of IL-17A/F heterodimers in cell-based assays.[@b37-dddt-11-1643] It is administered subcutaneously; its recommended dose is 160 mg at baseline, followed by 80 mg in weeks 2, 4, 6, 8, 10, and 12. After that, a maintenance dose of 80 mg is administered every 4 weeks. The mean elimination half-life is 10.5 days.[@b25-dddt-11-1643]

Clinical trials on plaque-type psoriasis
----------------------------------------

### Phase I

The first phase I, randomized, double-blind, placebo-controlled, dose-escalation study on the safety and possible efficacy of ixekizumab in chronic moderate-to-severe plaque-type psoriasis was published in 2012 by Krueger et al.[@b25-dddt-11-1643] Ixekizumab was administered to 32 subjects with plaque psoriasis by subcutaneous injection across a range of doses from 5 to 150 mg in weeks 0, 2, and 4. Eight subjects received placebo injections at the same time points. Patients were evaluated both clinically and histologically by skin biopsies taken before treatment and in weeks 2 and 6. Histological evaluation demonstrated a marked reduction of both dermal infiltration of T cells and DCs and epidermal hyperplasia compared to baseline. Clinical efficacy, expressed as proportion of patients achieving a reduction in Psoriasis Area and Severity Index (PASI) score of at least 75% from baseline (PASI75), has been summarized in [Figure 2A](#f2-dddt-11-1643){ref-type="fig"}. In week 6, 25%, 71%, and 100% of patients receiving 15, 50, and 150 mg, respectively, achieved PASI75. None of the patients receiving ixekizumab 5 mg achieved the efficacy endpoint.

### Phase II

Two phase II trials investigated the efficacy and safety of ixekizumab in the treatment of plaque-type psoriasis. In 2012, Leonardi et al, evaluated 142 patients affected by chronic moderate-to-severe plaque psoriasis in a double-blind, multicenter, randomized, dose-ranging study. The subjects were randomly assigned to receive subcutaneous injections of placebo or 10, 25, 75, or 150 mg of ixekizumab in weeks 0, 2, 4, 8, 12, and 16.[@b38-dddt-11-1643]

The primary objectives were to assess whether ixekizumab was superior to placebo, by measuring the proportion of patients who achieved PASI75 in week 12, and to estimate the percentage of reduction in the PASI score in each treatment group. The secondary objective included the proportion of patients with a reduced PASI score of at least 90% or 100% over the baseline value (PASI90 and PASI100, respectively), and the evaluation of the static physician's global assessment, joint pain visual analog scale, Nail Psoriasis Severity Index (NAPSI), and Psoriasis Scalp Severity Index (PSSI). The resulting efficacy outcomes of the study have been summarized in [Figure 2B](#f2-dddt-11-1643){ref-type="fig"}.

Subsequently, a multicenter, open-label extension (OLE) of this phase II, randomized, placebo-controlled trial (RCT) was designed to evaluate the long-term (52 weeks) efficacy and safety of ixekizumab.[@b39-dddt-11-1643] Patients received ixekizumab (10, 25, 75, or 150 mg) or placebo subcutaneously in weeks 0, 2, 4, 8, 12, and 16 of the RCT. In week 20 of the RCT, patients who did not reach PASI75 were eligible to enter the OLE and initiate monthly ixekizumab treatment. All other patients entered a treatment-free period from week 20 to week 32 and became eligible to enter the OLE at the study visit if PASI75 was lost or in week 32 if PASI75 or higher improvement was maintained throughout the treatment-free period. All patients were administered 120 mg of ixekizumab subcutaneously every 4 weeks. Before entering the OLE, 69 of 120 (58%) patients had achieved PASI75 in week 20 of the RCT and entered a treatment-free period from week 20 to 32. Of these 69 patients, 45 (65%) maintained a PASI75 response through the treatment-free period and entered the OLE in week 32. Twenty-four (35%) patients entered the OLE before week 32 when their response was lower than PASI75. The remaining 51 patients were nonresponders in the RCT and entered the OLE in week 20. Efficacy was evaluated in week 52 through PASI and static Physician Global Assessment (sPGA). The observed results have been summarized in [Figure 2C](#f2-dddt-11-1643){ref-type="fig"}. Interestingly, the patients assigned to placebo during the RCT who did not achieve PASI75 were responsive during the OLE. In fact, a PASI75 response was observed in 95% (18 of 19), a PASI90 response was observed in 95% (18 of 19), and a PASI100 response was observed in 63% (12 of 19) of these patients.

### Phase III

Three major multicenter, randomized, double-blind, placebo-controlled, parallel-group phase III studies have been published, namely UNCOVER-1, UNCOVER-2, and UNCOVER-3.[@b40-dddt-11-1643] Of these, UNCOVER-1 evaluated ixekizumab versus placebo, while UNCOVER-2 and UNCOVER-3 had an active comparator (etanercept). In these trials, investigators randomly assigned 1,296 patients to UNCOVER-1, 1,224 patients to UNCOVER-2, and 1,346 patients to UNCOVER-3.

UNCOVER-1 was a prospective, double-blind, multicenter trial investigating the efficacy of ixekizumab on inducing psoriasis clearance in 12 weeks on 1,296 patients. Subjects were randomly distributed in a 1:1:1 ratio to receive placebo or 80 mg ixekizumab every 2 weeks (Q2W), 80 mg ixekizumab every 4 weeks (Q4W) after an initial dose of 160 mg at week 0, respectively. Response to ixekizumab during the 12-week induction period has been summarized in [Figure 3A](#f3-dddt-11-1643){ref-type="fig"}.

In week 12, ixekizumab-responsive patients (sPGA 0 or 1) were randomly reassigned to receive placebo, 80 mg of ixekizumab Q4W, or 80 mg of ixekizumab every 12 weeks up to week 60.

UNCOVER-2 was a prospective, double-blind, multi-center 12-week study on 1,224 patients randomly distributed in a 2:2:2:1 ratio to receive subcutaneous placebo, etanercept (50 mg twice weekly), or one injection of 80 mg ixekizumab every 2 weeks, or every 4 weeks after a 160 mg starting dose. In addition to the co-primary endpoints of UNCOVER-1 (PASI75, 90, and 100, and sPGA 0 or 1 at week 12), this trial evaluated itch numeric rating scale and Dermatology Life Quality Index as secondary endpoints. The above-mentioned study design was repeated in the UNCOVER-3 trial for the first 12 weeks. Efficacy data in week 12 of UNCOVER-2 and UNCOVER-3 trials have been summarized in [Figure 3B and C](#f3-dddt-11-1643){ref-type="fig"}, respectively. A summary of ixekizumab 12-week efficacy observed in UNCOVER-1 and UNCOVER-2 trials is presented in [Figure 3D](#f3-dddt-11-1643){ref-type="fig"}.

In addition, UNCOVER-1 and UNCOVER-2 designs have an adjunctive randomized withdrawal period analysis from week 12 to week 60, while patients in the UNCOVER-3 trial received continuous treatment of ixekizumab from week 0 to 60. The latter data have been summarized in [Figure 3E](#f3-dddt-11-1643){ref-type="fig"}.

A subanalysis of UNCOVER studies focused on scalp psoriasis demonstrated that in patients with moderate-to-severe psoriasis with baseline scalp involvement, PSSI 90 and 100 were achieved in week 12 in a higher percentage of patients treated with ixekizumab Q2W (81.7% and 74.6%) or ixekizumab Q4W (75.6% and 68.9%) compared with patients treated with placebo (7.6% and 6.7%; *P*\<0.001 each ixekizumab arm vs placebo) or etanercept (55.5% and 48.1%; *P*\<0.001 each ixekizumab arm vs etanercept). These outcomes were maintained in week 60 of the maintenance period of UNCOVER-1 and UNCOVER-2 trials.[@b41-dddt-11-1643]

Similar results have been reported when a subanalysis focused on nail psoriasis was performed.[@b42-dddt-11-1643] In week 12, ixekizumab Q2W or Q4W resulted in a greater improvement in nail psoriasis than placebo or etanercept, as measured by NAPSI reduction percentage (ixekizumab Q2W 39% improvement, ixekizumab Q4W 40%, etanercept 28%, placebo −4.7%). In week 24, a lot more patients receiving ixekizumab showed no signs of nail involvement (34% and 30% in ixekizumab Q2W for 12 weeks then Q4W and ixekizumab Q4W, respectively).[@b42-dddt-11-1643],[@b43-dddt-11-1643]

In addition to classical efficacy measures, a revision of UNCOVER trials data by Armstrong et al described the effect of ixekizumab on work productivity, measured by the Work Productivity and Activity Impairment--Psoriasis (WPAI-PSO).[@b44-dddt-11-1643] The WPAI-PSO questionnaire was administered at baseline, at week 12 and at weeks 24, 36, 52, and 60. The results of the questionnaire demonstrated that ixekizumab-treated patients had less impairment in work productivity than placebo-treated patients, and, within some items, less impairment than etanercept-treated patients.

Finally, UNCOVER-J was a phase III, multicenter, single-arm, open-label, long-term Japanese study. Eighty milligrams Q2W of ixekizumab was administered after a first dose of 160 mg. Subsequently, a maintenance dose of 80 mg Q4W ixekizumab was administered. A total of 91 patients were enrolled, including 78 affected by moderate-to-severe plaque psoriasis, eight by erythrodermic psoriasis, and five by generalized pustular psoriasis. UNCOVER-J confirmed the efficacy in Japanese patients of ixekizumab (98.7% of patients achieved PASI75) and suggest that ixekizumab could be clinically useful in patients with less common forms of psoriasis. However, the study population and the absence of controls represent a limit for this study.[@b45-dddt-11-1643]

Clinical trials on PsA
----------------------

Phase III data from the SPIRIT-P1 study showed that ixekizumab is safe and effective for the treatment of PsA, even though the included patients were naïve to biologics, including TNF-α inhibitors.[@b46-dddt-11-1643] The ongoing SPIRIT-P2 trial will provide data on patients previously exposed to biologics.

The SPIRIT-P1 study is a 3-year, phase III, randomized, double-blind, placebo-controlled and active-controlled trial, comparing two different regimens of ixekizumab with an active reference arm treated with adalimumab. The trial involved 417 patients randomized up to 24 weeks in four arms: 1) placebo (N=106); 2) adalimumab 40 mg biweekly (N=101); 3) ixekizumab 80 mg biweekly (N=103); or 4) 80 mg every 4 weeks (N=107) following 160 mg initial dose. Among the 417 included subjects, 382 patients completed the 24-week study. Results demonstrated the significant efficacy of ixekizumab 80 mg biweekly and ixekizumab 80 mg every 4 weeks versus placebo in terms of ACR 20, ACR50, ACR70, and PASI 75/90/100 both after 12 and 24 weeks (*P*\<0.01). Furthermore, both ixekizumab regimens were effective versus placebo in reducing dactylitis after 12 and 24 weeks. Furthermore, the authors observed a significant improvement of disease activity and physical function, and the inhibition of PsA radiographic progression (modified Total Sharp Score \[mTSS\]).

### Safety

Ixekizumab has been reported to be generally well tolerated without any organ toxicity. Severe adverse events were reported in \<2% of treated patients considering all the published studies.[@b38-dddt-11-1643]--[@b49-dddt-11-1643] There were no deaths, and overall, an equal safety profile was observed between biologic-naïve and biologic-experienced patients.[@b40-dddt-11-1643],[@b50-dddt-11-1643] Severe adverse events were uncommon, with nasopharyngitis and upper-respiratory-tract infections as the most commonly reported. Nevertheless, they were equal among all treatment groups, indicating no added risk of these events attributable to ixekizumab. One major adverse cardiovascular event (MACE) was described in an ixekizumab-treated patient; similar adverse events were reported also in an etanercept-treated patient and in a placebo-treated patient.[@b40-dddt-11-1643] These observations suggest that there is no specific risk for MACE determined by ixekizumab. One rectal cancer was reported in the long-term phase II trial.[@b39-dddt-11-1643] Furthermore, one patient experienced worsening of ulcerative colitis and one reported a new onset Crohn's disease during the first 12 weeks of treatment.[@b48-dddt-11-1643]

There have been no suicides in psoriasis patients treated with ixekizumab; in contrast, two cases of suicide occurred in Brodalumab trials.[@b40-dddt-11-1643] Consistently with basic science data, Candida mucocutaneous infections have occurred in ixekizumab-treated patients, as observed with other anti-IL-17A agents.[@b51-dddt-11-1643] Fungal infection seems to be related with higher doses of ixekizumab. They have been reported to be easily manageable with standard antimicrobial drugs; thus, none of the patients withdrew from the ixekizumab therapy.[@b40-dddt-11-1643] In summary, the safety profile of ixekizumab is encouraging and consistent with its mechanism of action.[@b49-dddt-11-1643]

Use in therapy and conclusion
-----------------------------

Since their introduction in clinical practice, biologics have raised the bar of therapeutic outcomes in psoriasis even though they are not effective in every case and a loss of response over time has been reported, particularly for monoclonal antibodies.[@b51-dddt-11-1643]

Ixekizumab has proved to be significantly more effective than the soluble anti-TNF-α receptor in clearing plaque-type psoriasis with effects that are maintained in time.[@b40-dddt-11-1643],[@b49-dddt-11-1643],[@b51-dddt-11-1643],[@b52-dddt-11-1643]

The rapid onset of response determines a substantial gain in the patients' quality of life and work productivity.[@b40-dddt-11-1643],[@b44-dddt-11-1643] Furthermore, its efficacy has been confirmed also in difficult-to-treat areas (ie, scalp and nails)[@b44-dddt-11-1643]--[@b46-dddt-11-1643] and severe clinical variants of psoriasis (ie, erythrodemic psoriasis).[@b41-dddt-11-1643]--[@b43-dddt-11-1643],[@b45-dddt-11-1643] Besides, ixekizumab has shown significant improvements in the activity of skin disease and in inhibiting radiographic progression in patients with concomitant iarthritis.[@b46-dddt-11-1643]

The efficacy of ixekizumab is high both in patients with and without previous exposure to biologics.[@b51-dddt-11-1643] In particular, after switching to ixekizumab a substantial proportion of patients with moderate-to-severe psoriasis who did not respond to etanercept experienced rapid and durable improvement.[@b48-dddt-11-1643]

It is difficult to estabilish an algorithm for sequential treatment in psoriasis patients since there are limited data on the efficacy of an anti-IL-17 agent in patients experiencing anti-TNF-alpha failure in real life.[@b52-dddt-11-1643],[@b53-dddt-11-1643] Nevertheless, currently available phase I--III data indicate that ixekizumab is a promising drug, although long-term data on the efficacy and safety and real-world data are needed before ixekizumab and other IL-17-targeting agents can find their place in clinical practice.[@b49-dddt-11-1643],[@b52-dddt-11-1643]

Ixekizumab is an effective drug with a good safety profile and multiple target profile. It could be useful in patients with severe forms and multiple previous failures (second-/third-line biologic) as well as a first-line biologic agent for the treatment of moderate-to-severe plaque-type psoriasis in patients unresponsive or contraindicated to conventional systemic agents.
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**Abbreviations:** IFN, interferon; IL, interleukin; TGF, tumor growth factor; TNF, tumor necrosis factor.](dddt-11-1643Fig1){#f1-dddt-11-1643}

![Efficacy of ixekizumab in phase I and phase II trials.\
**Notes:** (**A**) Proportion of patients achieving PASI75 in phase I dose-escalation trial. In week 6, none of the subjects receiving placebo or 5 mg ixekizumab achieved PASI75, while 2/8, 5/7, and 8/8 subjects receiving 15, 50, or 150 mg ixekizumab, respectively, accomplished the efficacy endpoint.[@b25-dddt-11-1643] (**B**) Proportion of patients achieving PASI75, 90, and 100 in phase II study by Leonardi et al.[@b38-dddt-11-1643] After 12 weeks, PASI75 and PASI90 occurred in significantly more patients in the 25, 75, and 150 mg ixekizumab groups (*P*\<0.001 for each group vs placebo). Furthermore, a lot more patients in the 75 and 150 mg groups achieved complete clearance (PASI100) (*P*\<0.001 for each group vs placebo).[@b38-dddt-11-1643] (**C**) Proportion of patients achieving PASI75, 90, and 100 and sPGA values resulting in week 52 of the open-label extension of the phase II, randomized, placebo-controlled trial.[@b39-dddt-11-1643]\
**Abbreviations:** PASI, Psoriasis Area and Severity Index; sPGA, static Physician Global Assessment.](dddt-11-1643Fig2){#f2-dddt-11-1643}

![Efficacy of ixekizumab in phase III trials.\
**Notes:** (**A**) Induction period in the UNCOVER-1 trial: all comparisons of ixekizumab versus placebo were statistically significant (*P*\<0.001). (**B**) Results of the 12-week induction period of the UNCOVER-2.[@b40-dddt-11-1643] (**C**) Results of the 12-week induction period of the UNCOVER-3. (**D**) Summary of efficacy of ixekizumab 80 mg Q2W in inducing psoriasis clearance (expressed as proportion of patients achieving PASI75, 90, and 100 in week 12) compared to placebo (expressed as mean of the data resulting from the UNCOVER studies) or etanercept 50 mg biweekly. (**E**) Maintenance of response to ixekizumab from baseline in week 60 (UNCOVER-3): maintenance of response to ixekizumab, at a dose of 80 mg, during the long-term extension period (week 12 of 60) among patients who had received ixekizumab Q2W during the induction period and patients who had received ixekizumab Q4W during the induction period.\
**Abbreviations:** Q2W, every 2 weeks; Q4W, every 4 weeks; PASI, Psoriasis Area and Severity Index; sPGA, static Physician Global Assessment; ETA, etanercept.](dddt-11-1643Fig3){#f3-dddt-11-1643}
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